The habitat analysis of stork-billed kingfisher (Pelargopsis capensis Linnaeus, 1766) and pied kingfisher (Ceryle rudis Linnaeus, 1758) was done at the Chittagong University Campus, Chittagong, Bangladesh during January 2011 to December 2013. The both kingfisher species used five types of habitat (pond, lake, stream, agricultural land/channel and tree), of which trees were used maximum (43.23%) and agricultural lands/channels were minimum (3.76%) by stork-billed kingfisher; whereas pied kingfisher spent the highest time (40.66%) in the streams and the lowest (11.67%) in the agricultural lands/channels. Four types of perching places (fence, wire, bamboo and tree) were used by both kingfisher species, of which trees were used maximum (68.89%) and wires minimum (2.78%) by stork-billed kingfisher; while pied kingfisher spent the highest (53.43%) time on fences and the lowest (4.78%) on wires.
INTRODUCTION
The stork-billed kingfisher (Pelargopsis capensis) is an uncommon resident bird in Bangladesh (Khan 1982) , and occurs in the ponds and wetlands of all civil administrative divisions , and well distributed in India, Nepal, Sikkim, Bangladesh, Thailand, Myanmar and Indonesia (Ali 1996 and Ali and Ripley 1970) . The pied kingfisher (Ceryle rudis) is a common inhabitant bird in Bangladesh and occurs in the rivers and lakes of all Divisions (Khan 1982 and . They are well distributed in Bangladesh, India, Pakistan, Sri Lanka, Myanmar, Nepal, Sikkim, and Bhutan except the Maldives and Kerala (Ali 1996, Ali and Ripley 1970) .
The stork-billed kingfisher was reported by Begbie (1906) from Cawnpore in India; whereas Kulshreshtha and Vyas (1989) described it from eastern Rajasthan (India). But the habitat preferences of stork-billed kingfisher and pied kingfisher have not yet been studied in Bangladesh and other countries in the world. Therefore, the present study was carried out to analyse the habitats of stork-billed kingfisher (Pelargopsis capensis) and pied kingfishers (Ceryle rudis) at the Chittagong University Campus.
MATERIAL AND METHODS
Study area: The present study was carried out during January 2011 to December 2013 in the Chittagong University Campus (CUC) (Fig. 1) ; which is situated at the village Fatepur under Hathazari upazila of Chittagong district in Bangladesh and the area lies from 22°27΄30΄΄ and 22°29΄0΄΄ North Latitudes to 91°46΄30΄΄ and 91°47΄45΄΄ East Longitudes (Ahsan and Khanom 2005) . The CUC covers an area of 709.79 hectares (1,753.88 acres) of land, which is mainly hilly. The 72% of the area is hilly and consists of small hills and the remaining is either valleys or plain land and the height of the valleys is almost 15-90 m above mean sea level (Islam et al. 1979) . Out of total hilly area, about 30% of hills are higher than 70 m whereas 60% of them are less than 30 m high (Islam et al. 1979) . The study area was divided into eight distinct sites on the basis of the significance of locations for observing birds to make expediency of the field work. 
Site 1. Aquatic bodies close to the staff colony near Science Faculty Teacher

Equipments:
The equipments used in present study were one pair of binocular (Bushnell, 90 x 90; 140 M/2000 M), a field guide (Grimmett et al. 1999) , one camera (Nikon COOLPIX, P 520; 42 X optical zoom, 18.1 megapixel), a stopwatch, thermometer, pH meter and Secchi disk. Measuring tape, electrical balance, standard hydrometer, ASTM No. 152 H with Bouyocos scale in g/l, 1000 ml sedimentation cylinder, hot plate, electrical oven, metal dispersing unit, 600 ml tall beaker, and wash bottle, etc. Some reagents [30% hydrogen peroxide, 5% sodium hexametaphosphate (Calgon) and Amyl alcohol] were used to determine the soil texture collected from feeding ground and breeding spots of kingfisher species in the study area.
Observation techniques:
The habitats used by kingfisher species were evaluated by categorizing the habitat into different types like pond, lake, stream, agricultural land/channel and tree. Data were collected by direct observation (during 0700 h to 1900 h in summer, but 0700 to 1730 h in winter) followed by scan sampling method (based on 5 minutes intervals) of Altmann (1974) . The perching places used by the study species were also observed and noted during resting and/or perching, preying and feeding. The height of the perching places were observed visually, estimated with measuring tape and recorded in the data sheet as well as the time spent in preying with the particular height of perching places was also counted by a digital stopwatch and noted carefully. Different species of plants used by two kingfisher species were observed and the height of the activity place and total height of the plants were also measured. The water parameters like water temperature, pH and turbidity were recorded respectively with thermometer, pH meter and Secchi disk. Soils were collected from both the feeding and breeding sites of kingfisher species and physical compositions were analysed by hydrometer method followed by Imamul Huq and Alam (2005) .
RESULTS AND DISCUSSION
Overall habitat used: The stork-billed kingfishers (Pelargopsis capensis) used five types of habitat: (1) pond, (2) lake, (3) stream, (4) agricultural land/channel and (5) tree; of which trees were used maximum (43.23%) and agricultural lands/channels minimum (3.76%) (Table 1 ; Fig. 2 ); and the pied kingfishers (Ceryle rudis) also used the same five habitats like stork-billed kingfishers, but they spent the highest time (40.66%) in the streams and the lowest (11.67%) in the agricultural lands/channels during the study period (Table 1 ; Fig. 2 ). The habitats used by the two species did not vary significantly (F = 3.26, df = 4, p = 1.00); whereas there were significant differences in the use of different habitats by both kingfisher species independently (stork-billed kingfisher: t = 3.04, df = 4, p = 0.04; pied kingfisher: t = 3.42, df = 4, p = 0.03). Stork-billed kingfisher spent the highest time in April (9.83%) and the lowest in December (6.67%) using different habitats, whereas pied kingfisher occupied the habitats maximum (9.15%) in May and minimum (7.58%) in October. Monthly time spent by two species differed significantly (F = 7.16, df = 11, p = 0.0014) (Table 1; Fig. 3 ).
Fig. 3. Monthly variation in habitat used by two species of kingfishers.
Several factors have been reported that influence the habitat use of kingfishers like, diet (Libois and Laudelout 2004) , depth of the water bodies (Monadjem 1996) , perch height (Monadjem et al. 1994 ) and water quality (Douthwaite 1982) . On the other hand, environmental conditions, inter-specific competition, and other factors including morphology, behaviour, capability to find food and shelter, structural attribute of landscape, foraging and nesting opportunities usually participate in habitat selection (Cody 1985) . reported that the stork-billed kingfisher predominantly occurred in the forest streams, slow-moving rivers, irrigation channels, backwaters, tidal creeks and even the ponds; whereas Ali (1996) described that they mainly used jungle pools, swampy glades, and even the mangrove and tidal creeks. Fry et al. (1992) reported that stork-billed kingfisher primarily occupied habitats near lakes, rivers or coasts; while Ali and Ripley (1970) described that they chiefly used the streams; large, placid, heavily shaded forest streams; irrigation channel in well-wooded country and coastal backwaters.
The pied kingfisher mostly exploited freshwaters like streams, canals, rivers, ponds, reservoirs, flooded ditches, tidal creeks and the intertidal pools whereas Hockey et al. (2005) reported that they can live at any water body (including streams, rivers, lakes, temporary pans, estuaries, temporarily flooded areas and rocky coasts) if there are small fish. Ali (1996) mentioned that they chiefly occurred in rivers, jheels, irrigation tanks and tidal creeks; while Ali and Ripley (1970) illustrated that the pied kingfisher predominantly used slow-moving rivers, streams, canals, jheels, irrigation reservoirs, village tanks and flooded ditches even occasionally used the tidal creeks and intertidal rock pools on the seashore.
Pond:
The pond is a body of standing water that is usually smaller than a lake and may be either natural or man-made, usually contains shallow water with marsh and aquatic plants, and animals (John 1986 ). Among the habitats stork-billed kingfisher spent 13.47% time in pond, whereas pied kingfisher used 13.22% of their diurnal time in pond (Table 1) . Ponds were the highest (1.39%) used in May by stork-billed kingfisher and the lowest (0.79%) in December, while pied kingfisher also used pond most (1.32%) in May and the least (0.94%) in November (Table 1 ; Fig. 4) . The pond used (in terms of time spent) by both kingfisher species in different months were not similar to each other and varied significantly (F = 3.52, df = 11, p = 0.02).
Fig. 4. Monthly variation of ponds used by two species of kingfishers.
Lake: Lake is a body with relatively still water and the area may be 2 ha (5 acres) or more often contrasted with river or stream (Williams et al. 2004) . Storkbilled kingfisher used 16.70% of their diurnal time in lake but pied kingfisher spent 14.67% time (Table 1) . Stork-billed kingfisher used the lake highest time in May (1.72%) and the lowest in November (0.99%), whereas lake was maximum used by pied kingfisher in April (1.63%) and minimum in December (1.07%) (Table 1; Fig. 5 ). The lake used by both kingfisher species during the study period varied significantly between them (F = 11.81, df = 11, p = 0.00014).
Fig. 5. Monthly variation of lakes used by two species kingfishers.
Stream: The stream is a body with flowing water and generally applied to the water following in a natural channel which is distinct from a canal as well as it is also applied to the water flowing in any channel, natural or artificial (Meinzer 1923) . Stream was one of the significant habitats for kingfishers in the study sites, of which the stork-billed kingfisher exploited 22.84% of diurnal time in streams, and the pied kingfisher used 40.66% of their time (Table 1) . The streams were maximum (2.31%) used in May by stork-billed kingfisher and the minimum (1.65%) in November, while pied kingfisher used the streams most (3.76%) in March and the least (3.07%) in January (Table 1; Fig. 6 ). The streams used by both kingfisher species in different months varied significantly (F = 3.13, df = 11, p = 0.04).
Fig. 6. Monthly variation of streams used by two species of kingfishers.
Agricultural land/channel: The stork-billed kingfisher and pied kingfisher were reported from irrigation channel by several authors (e.g., like Ali 1996, Ali and Ripley 1970) . Stork-billed kingfisher used 3.76% of diurnal time in agricultural lands/channels and pied kingfisher used 6.20% time (Table 1 ). In the study sites, stork-billed kingfisher used the agricultural lands/channels most in April (0.46%) and the least in December (0.13%), whereas pied kingfisher used the highest time in June (0.69%) and the lowest in November (0.38%) (Table 1; Fig. 7) . The agricultural lands used by both kingfishers species in different months did not vary significantly (F = 1.49, df = 11, p = 0.26). Tree: Stork-billed kingfisher used 43.23% of their diurnal time in trees, while the pied kingfisher spent 23.12% time (Table 1) . The trees was maximum used by stork-billed kingfisher in April (4.29%) and minimum in December (2.97%), whereas pied kingfisher used the trees most also in April (2.32%) and the least in October (1.57%) (Table 1; Fig. 8 ). Monthly time used by the two kingfisher species in the trees varied statistically significantly (F = 4.2, df = 11, p = 0.01).
Fig. 8. Monthly variation of trees used by two species of kingfishers.
Perching places: The both kingfisher species used different perching places (fence, wire, bamboo and tree) during resting, diving and feeding (Table 2) . Stork-billed kingfisher spent the highest (68.89%) time in trees and the lowest (2.78%) on wires, whereas pied kingfisher spent the maximum (53.43%) time on fences and the minimum (4.78%) also on wires ( Table 2 ). The perching places used by the both kingfisher species did not differ significantly (F = 6.78, df = 3, p = 0.08). The stork-billed kingfisher usually preferred to perch in plants covered sites overhanging the water bodies, whereas the pied kingfisher used different perches during foraging . The pied kingfisher commonly found as perched together or independently on a desired rock or stake close to the water-bodies (Ali 1996, Ali and Ripley 1970) . n: number of observation of the perching places (fence, tree, bamboo and wire)
Variation of the perching height: The perching height used by stork-billed kingfisher was 1 to 30 m (mean 11.03 + 7.76 m, n = 92) and it was 1 to 15 m (mean 5.74 ± 3.58 m, n = 95) in case of pied kingfisher that statistically differed significantly between the two species (t = 6.02, df = 185, p = 9.09 E-09). The average height of the fences used by stork-billed kingfisher was 1 to 8 m (4.85 ± 2.16 m, n = 15) and it was 1 to 6.5 m (3.32 ± 1.70 m, n = 39) for pied kingfisher, that differed significantly between the two species (t= 2.46, df = 21, p = 0.02) ( Table 2 ; Fig. 9 ). The height of perching place in the tree was 4 to 30 m (mean 15.55 ± 7.38 m, n = 53) for stork-billed kingfisher and 3.5 to 15 m (mean 9.3 ± 3.67 m, n = 32) for pied kingfisher (Table 2 ; Fig. 9 ). On the other hand, the perching height of bamboo and wire used by both species were same and that was 3 to 6.5 m (mean 4.83 ± 1.16 m, n = 20) and 5 to 6 (mean 5.5 ± 0.41 m, n = 4) respectively (Table 2; Fig. 9 ). Yihune and Bekele (2010) found the pied kingfishers typically used on perching sites with a height of 1-5 m in the Lake Hora Arsedi, Debrezeit, Ethiopia; whereas Monadjem et al. (1994) observed pied kingfishers spending time on perching sites usually having a length of 2-4 m high in the Kruger National Park. Bonnington et al. (2008) reported that the pied kingfishers preferred the foraging areas with higher perch-sites; and deeper and wider water bodies. 
Preferred tree species:
The both kingfisher preferred 18 species of small, medium and large trees during resting, perching, calling and feeding (Table 3) , of which stork-billed kingfisher usually preferred trees with larger and medium heights but occasionally they also used the smaller ones; whereas pied kingfisher generally preferred the smaller trees and periodically they also used the medium ones. Variation of tree height: Three categories of trees (large, medium and small) of different species were observed to use by both species of kingfishers. Overall, the large trees were 20 to 30 m (mean 24.77 ± 3.30 m, n = 16) in height, while medium were 10 to 19.99 m (mean 13.73 ± 2.60 m, n = 38) and small 3.5 to 9.99 m (mean 6.56 ± 1.83 m, n = 31) for both kingfishers. Stork-billed kingfisher used 20 to 30 m (mean 24.77 ± 3.30 m, n = 16) height in large trees, 10 to 19.6 m (mean 14.43 ± 2.88 m, n = 23) medium and 4 to 9 m (mean 6.84 ± 1.72 m, n = 14) small trees (Table 4 ; Fig. 10 ). On the other hand, pied kingfisher usually did not use large trees but they only used the medium and small trees, which were 10 to 15 m in height (mean 12.66 ± 1.66 m, n = 15) and 3.5 to 9.6 m (mean 6.34 ± 1.93 m, n = 17) respectively (Table 4 ; Fig. 10 ). 
Interaction with other vertebrates:
The kingfishers usually reside in a wide range of habitats including rivers and lakes but over half of the world's species occur in forests and forested streams (Woodall 2001) . Food partitioning generally plays an important role in facilitating the co-existence of sympatric species and three main factors (abundance of food, body size and breeding systems) help in the potential mechanisms of food partitioning among the sympatric species (Garcia and Arroyo 2005) . A total of 48 species of wild-animals from four classes (Amphibia, Reptilia, Aves and Mammalia) were recorded during the study period (Appendix 1), of which the birds were dominant species (75%; Fig. 11 ). Water condition and quality of the aquatic bodies: Slow water current was observed in the streams whereas the lakes and ponds were remained relatively stable, still or standing. Three important parameters (temperature, pH and turbidity) were measured to assess the water quality (Table 5 ). The average maximum temperature 31.1 0 C was recorded in lake and the minimum 29.25 0 C was in pond, whereas the highest (11.5) pH examined in stream and the lowest (10.35) in pond (Table 5) . On the other hand, the high turbidity 41.5 cm was calculated in lake and the low 16.25 cm in stream (Table 5) . n: number of observation of aquatic bodies (stream, lake and pond)
Soil type of the study area: The soil samples were collected from both feeding and breeding grounds of kingfishers of which the feeding ground was used by four species (common kingfisher, white-throated kingfisher, stork-billed kingfisher and pied kingfisher) found at the CUC but the breeding spots were used by three species (white-throated kingfisher, stork-billed kingfisher and pied kingfisher). The soil texture of feeding ground was both sandy and loamy sandy in sample-1 (feeding ground -lake) and sample-3 (feeding ground -stream); whereas in sample-2 (nesting spot) the soil texture was sandy (Table 6 ). Clay was the highest (6.45%) in sample-3 (feeding ground -stream) and the lowest (2.11%) in sample-2 (nesting spot); slit was the maximum (11.82%) in sample-3 (feeding ground -stream) and the minimum (2.10%) in sample-1 (feeding ground -lake), whereas sand was the most (95.79%) in sample-2 (nesting spot) and the least (81.73%) in sample-3 (feeding ground-stream) (Table 6 ). The kingfishers have a significant role in ecosystem and human culture due to their habitat preference and food habit. The habitat loss is one of the major causes of declining the population of stork-billed and pied kingfishers in Bangladesh. Consequently, habitat analysis can assist to identify their preferred and used environmental factors for their sustainability in nature. 
